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Venezuelan  equine  encephalitis  (VEE)  virus  was  purified  and  concentrated  by 
chromatography  of  tissue  culture  supemaiant  fluids  on  diethylaminoethyl-cellulose 
columns.  Stepwise  gradient  elution  studies  indicated  a  broad  elution  pattern  for  the 
virus,  with  recovery  occurring  from  0.05  to  0.7  m  NaCl.  Opticd  density,  infectivity, 
hemagglutination  (HA),  and  complement  fixation  (CF)  assays  indicated  that 
complete  recover  of  input  virus  in  highly  purified  form  was  possible.  Single-step  - 
elution  with  0.7  m  tris(hydro.<ymethyi)amino:nethane-succina[e-salt  buffer  resulted 
in  a  vims  volume  decrease  of  85%  with  a  concomitant  increase  in  infectivity  arid 
antigenicity.  Recov.  ries  consistently  equaled  or  exceeded  100%  of  the  input  prepara¬ 
tions.  Additional  purification  of  column-recovered  virus  was  obtained  by  sedi¬ 
mentation  of  pooled  vines  ekiates  on  50%,  sucrose  cushions.  Exposure  of  borate 
saline  and  0.5%  histidine  suspensions  of  purified  VEE  virus  preparations  to  6  x  10s 
r  of  gamma  radiation  resulted  in  a  loss  of  infectivity  For-  tissue  culture  and  a  loss  of 
lethality  for  weanling  and  stickling  mice.  Inactivation  was  exponential  function 
of  the  dosage,  in  contrast  to  infectivity,  antigeneity  (HA  and  GF)  of  boih  saline 
and  histidine  preparations  was  retained  after  irradiation  with  doses  as  high  as T6  .X 
10*  r.  Purified  and  irradiated  VEE  virus  preparations  have  been  successfully  used 
for  routine  serological  tests.and  are  being  evaluated  .as  vaccines,  r 


The  need  for  adequate  protection  of  laboratory 
personnel  who  have;  contact  with  Venezuelan 
equine  encephalitis  (VEE)  virus  has  long  been, 
established.  Early  attempts  to  solve  this  problem 
resulted  In  the  development  of  several  Fomialin- 
inaciivaled  vaccines  (24.  22;  Sriiith  et  al.,  Bac¬ 
terid  Proc.,  p.  59.  1954)  and;  more  recently,  in 
one  with  live  attenuated  virus  (3).  Unfortunately, 
the  inactivated  VFE  vaccines  either  contained 
residual  infectious  virus  (29)  or  were  so  drastically 
treated  as  to  confer  inadequate  protection  (3. 14). 
The  live,  attenuated  vaccine,  although  conferring 
good  protection  in  man  (14).  causes  a  significant 
number  of  vaccinees  to  display  clinical  influenza- 
like  syraptems  and  leukopenia  and  to  manifest 
transient  electrocardiogram  abnormalities  (1). 

In  attempts  re  develop  a  more  effective  non- 
viable  VEE  vaccine,  the  applicability  of  two  ap¬ 
proaches  not  previously  utilized  in  conjunction 
was  investigated:  purification  and  concentration 
of  virus  by  chromatography  and  inactivation  by 
ionizing  radiation.  Recent  studies  indicated  that 
arbovirus  preparations  of  high  purity  and  con¬ 
centration  could  be  obtained  by  chromatography 
on  diethylaminoeihyl  (DEAE)-cellulose  columns 
(16;  Fuscaldo  et  ah,  Bacterid.  Proc  ,  p.  161. 
1969).  This  procedure  seemed  appropriate  for 


obtaining  VEE  virus  preparations  with-increased 
specific  antigen  concentration  and  minimal  nori- 
immunogenic  constituents.  Other  studies  have 
demonstrated  that  a  variety  of  microbial  agents 
killed  by  ionizing  radiation  retain  greater  anti¬ 
genicity  than  do  preparations  killed  by  chemicals 
oi  heat  (6, 7, 20, 33).  This  method  of  inactivation 
also  destroys  the  infectivity  of  VEE  virus  while 
retaining  the  capacity  of  the  virus  to  stimulate 
antibddy  production  (26). 

The  results  of  our  investigation  of  purification 
and  concentration  of  VEE  virus  and  subsequent 
inactivation  by  ionizing  radiation  are  presented 
in  this  report. 

materials  and  methods 

Virus.  The  Trinidad  strain  of  VEE  virus,  originally 
isolated  in  guinea  pip  from  a  dockey  brain  (23), 
was  used.  K  hsd  been  passaged  13  times  in  chicken 
embryos  when  it  was  obtained  through  the  courtesy 
of  our  colleague  William  P.  Allen.  Working  seeds 
for  these  studies  were  prepared  from  a  second  suckling 
mouse  brain  passage  as  10%  suspensions  of  Infecied 
suckling  mouse  brains  in  borate  saline. 

Infectivity  and  antigenicity  determinations.  Assays 
for  vims  infectivity  were  performed  by  plaque  titra¬ 
tion  in  24-hr  chick  embryo  monolayer  tissue  cultures 
and  in  10-  to  12-g  weanling  mice.  Sample  of  if- 
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radiated  virus  that  failed  to  produce  plaques  and 
were  nonleiha!  for  weanling  m'ce  following  joint 
intracerebral-iniraperitoneai  inoculation.  (0.03  and 
0.1  ml)  were  titrated  in  suckling  mice  for  residual 
live  virus  by  a.combination  intracerebral  and  inira- 
peritoneal  inoculation  of  0.02  and  0.03  ml,  respec- 
tiveiy  (26).  Fifty  per  cent  lethal  dose  end  points  were 
calculated  by  the  method  of  Reed  and  Muench  (25). 
.Assays  for  virus  antigenicity  were  performed  by  he¬ 
magglutination  (HA)  and  complement  fixation  (CF) 
tests  by  using  micreilier  methods  (5,  27),  HA  was 
tested  for  with  goose  erythrocytes  at  pH  5.8;  the 
National  Communicable  Disease  Center  Labora¬ 
tory  Branch  Complement  Fixation  iLBCF)  pro¬ 
cedure  was  emploved  in  complement  fixation  tests 
(31)- 

Tissue  culture  vims.  VEE  virus  was  grown  in  24-hr 
chick  embryo  monolayer  tissue  culture,  and  infected 
supernatant  fluids  were  harvested  by  aspiration,  at 
.18-  to  20-hr  jxn4infec*ion.  Tissue  culture  cellular 
debris  was  removed  by  slow-speed  centrifugaiinn  and 
the  clarified  virus  preparations  were  then  dsalyrad 
for  18  hr  at  5  C  against  10  volumes  of  water  to  de¬ 
crease  their  salt  concentration.  This  procedure  did 
not  materially  decrease  VEE  plaque  tiler  or  anti¬ 
genicity. 

DEAF,  cellulose  column  chromatography.  Columns 
for  chromatography  were  prepared  fr~r,i  10  g  of 
DEAB-cellulose.  Before  use  they1  were  washed  and 
equilibrated  with  0.01  M  NaCl  An  0.01  m  phosphate 
buffer.  pH  7.2.  Column  dimension  ratios,  length  to 
diameter,  were  approximately  2:l_  Adsorption  of 
Are  tissue  culture-vinis  preparation  was  by  free  gravity 
flow*,-,  but. during  development  of  the  column  the  flow 
rate  was  maintained  :between  -5:andT0  ml  per  min. 

Irradiation.  Purified  )  virus  preparations  were  ir¬ 
radiated  atthe  National  Bureau  of  Standards  through 
the. courtesy  of  Daniel  \V.  Brown.  Suspensions  of 
VEE  virus  were  exposed  to’ gamma  radiation  from  a 
cobalt-60  source  at  a  dose  rote  of  7  X  10s  r  per  min. 
Hie  suspensions  were  irradiated  in  4-ml  quantities, 
iry  polypi'opylene  tesi  tubes  (12  by  75  mm).  Samples 
were  kept  Frozen  with  dry  ice  during  irradiation  and 
were  held  in  the  frozen  slate  until  tested  for  infec- 
tivity.  The  different  doses  of  radiation  were  obtained 
by  varying  the  time  ofexpc  sure  at  the  constant  dose 
rate.  Control  samples  of  virus  were  exposed  to  identi¬ 
cal  conditions  but  were  not  irradiated. 

RESULTS 

Elution  by  the  stepwise  method.  Investigation  of 
fractionation  of  VEE  virus  was  initiated  by  a 
study  of  its  elution  pattern  during  a  stepwise  pro¬ 
cedure.  After  the  tissue  culture-virus  effluent  was 
collected)  the  virus  was  eluted  with  NaCl  solutions 
of  increasing  concentrations.  Fractions  of  eluales 
(250  ml  each)  from  each  of  the  various  concentra¬ 
tions  of  NaCl  solution  were  collected.  Optical 
density,  infectivity.  and  HA  activity  of  each  frac¬ 
tion  were  determined- (Table  1).  Approximately 
90%  of  input  virus  infectivity  and  all  HA  activity 
were  retained- by  the  column  before  elution  was 


initiated.  In  contrast,  approximately  80%  of  the 
light-absorbing  components  of  the  preparation 
Were  recovered  in  the  tissue  culture  effluent.  Virus 
infectivity  and  antigenicity  were  not  recovered 
with  G.01  M  NaCl  elution,  whereas  additional 
light-absorbing  components  were  again  cluteu. 
VEE  virus  was  eluted  in  a  range  of  salt  concen¬ 
trations  from  0.05  to  0.70  m.  The  eluates  obtained 
from  this  range  showed  ditrc.cn t  levels  of  virus 
content,  with  the  greatest  elution  occurring  ai 
0.05,  0.10,  and  0.5  m  concentrations.  Table  2, 
derived  from  ihe  data  in  Table  I,  shows  the  per 
cent  recovery  of  virus  infectivity  at  the  various  salt 
concentrations.  Essentially  all  infectivity  was  re¬ 
covered.  by  elution  through  0.5  m  salt  concentra¬ 
tion.  'Tiese  findings  indicated  that  virus  of  rela¬ 
tively  high  purity  and  concentration  might  be 


Table  t.  Stepwise  slut  ion  of  Venezuelan  equine 
eticepkaliiis  virus  from  D EAE-cellulose 
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Table  2.  Elution  of  Venezuelan  equine  encephalitis 
rims  from  D  EA  E-zeituiose  as  a  function  of  salt 
concentration - 
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s  input  virus  infectivity  !ogIS  PFU  ml  =  8.2. 
•  Plaque-forming  units. 
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obtained  by  removing  contaminating  tissue  culture 
material  with  a  salt  solution  of  low  molarity  and 
then  collecting  the  virus  in  one  step  with  a  de¬ 
veloping-  buffer  of  relatively  high  concentration. 

Chromatographic  purification  of  VEE  virus.  The 
typical  recovery'  of  purified  VEE  virus  by  such 
methodology  is  shown  in  Fig.  1.  After  addition  of 
virus,  the  columns  were  washed  with  0.01  m  NaCi 
in  0.0!  m  phosphate  buffer,  pH  7.2.  Then  the  virus 
was  eluted  with  a  0.7  m  tris(hydioxymethyl)ami- 
nomethane-suceinate-salt  buffer  at  pH  10.  Usu¬ 
ally  25-mi  fractions  were  collected.  Optical  den¬ 
sity,  infectivity,  HA  activity,  and  CF  activity  of 
the  collected  samples  were  determined.  Infectious 
virus  was  recovered  immediately  after  the  column 
void  volume.  Chromatography  resulted  in  a  virus 
volume  decrease  from  500  to  75  ml  (85%),  with  a 
concomitant  increase  in  plaque-forming  infee- 
tivfiy  to  represent  essentially  complete  recovery  of 
the  input  virus.  Excellent  correlation  was  found 
among  the  various  iesied  properties.  Those 
fractions  with  high  infectivity  also  had  the  greatest 
HA  and  CF  activity.  Representative  column 
recoveries  of  infectivity  and  serological  activity 
are  indicated  in  Table  3.  Recovered  infectivity 
and  antigenicity  consistently  equaled  or  exceeded 
100%  of  the  total  input.  The  mean  recovery’  of 
infectivity  was  115%.  The  increised  infectivity 
may  represent  a  virus  with  less  aggregation,  with 
greater  efficiency  for  the  tissue  culture,  or  may 
reflect  the  removal  of  some  infectivity-inhibifing 
:  substance. 


I  2  3  4  $  6  7  t  ?  10  H  12 
Fttttfrom  f25  ml} 


Fig.  i.  Recovery  of  purijieti  Venezuelan  equine 
encephalitis  virus  by  D  EAE <elhtla$e  chromatography. 


TABLE  3.  Recovery  of  Venezuelan  equine  encepha - 
litis  virus  infectivity  and  serological  activity 
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*  Complement-fixation. 


Table  4.  Spectrophotometric  analysis  of  Vene¬ 
zuelan  equine  encephalitis  virus  preparations 
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0.17 

D 
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0.S9 

0.IS 
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0.23' 

| 

“  Dialyzed  tissue  cubure-virus  preparations. 
6  Recovered  DEAE-cellulose  column  virus 


pools. 

r  Mean  ratio  increase.- 

Absorption  spectra  analysis  was  also  used  to 
monitor  VEE  virus  purificationduring  chromatog¬ 
raphy.  Optical  densities  at  260  arid  280  nm  were 
determined  for  representative  tissue  culture-virus 
preparations  and  for  their  recovered  column 
pools.  From  these  values,  260  to  280  nm  ratios 
were  determined  and  are  presented  in  Table  4. 
In  each  instance,  the  260  to  280  ratio  increased 
after  chromatography.  The  mean  ratio  increase 
was  0  23,  These  Increased  ratios  are  assumed  to 
reflect  purification  of  the -virus  from  contami¬ 
nating  tissue  culture  proteins. 

Sedimentation  on  sucrose  cushions.  Column- 
recovered  virus  was  additionally  purified  by  sedi¬ 
mentation  of  pooled  viiuseluates  on  50%  sucrose 
cushions.  Sedimentation  was  obtained  by  centrif- 
ugation  at  27,000  rev/min  for  2.5  hr;  The  thin 
light-scattering  bands  recovered  from  above  the 
sucrose  cushions  represent  highly  concentrated  and 
purified  virus  material.  Usually,  the  final  virus 
preparation  was  Jfolh  the  volume  of  the  nrita  l 
tissue  culture  material.  Typical  recoveries  a*-‘ 
indicated  in  Table  5.  Acceptable  recoveries  of 
infectivity  and  serological  activity  were  obtained 
by  this  procedure.  The  fivefold  concentration  ch¬ 
ained  and  fhe  separation  from  soluble  proteins 
expected  from  ihe  procedure  supported  its  use. 
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Table  5,  Recovery  of  Venezuelan  equine  encepha¬ 
litis  virus  by  centrifugation  on  a  50%  sucrose 
Cushion 
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■  — -  —  - 
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;  7? 

96  ; 

77- 

“  Plaque-forming  units. 

h  Agglutination  of  goose  erythrocytes  at  pH  5.8. 

c  Complement  fixation. 


riti-  2.  dnacihation  of  purified  Venezuelan  equine 
encephalitis  rims  by  ionizing  radiation. 


It  should  be  noted  here  that-77%  mean  recovery 
cs  column  pool  infectiviiy  represents  essentialf, 
90%  of  the  total  input  virus  in  purified  form. 

Inactivation.  Ring  structure  compounds  inhibit 
gamma  ray  inactivation  of  viruses,  and  histidine 
selectivity  protects  antigenicity  more  than  infec- 
iivity  (19k  The  loss  of  infectiviiy  and  antigenicity 
of  purified  VEE  virus  us  a  function  of  dose  of 
radiation  was  studied  in  borate  saline  and  inFO.5% 
histidine  suspensions.  Suspensions  were  irradiated 
at  a  constant  dose  rate  (7  x  10*  r  per  min)  for 
such  periods  thai  exposures  ranged  front  500,000 
to  6,000,000  r.  The  virus  preparations  were  main¬ 
tained  in  the  frozen  state  during  irradiation  to 
minimize  Indirect  radiation  effects.  Results  of 
representative  infectiviiy  assays  in  tissue  culture 
are  presented  in  Fig.  2.  Inactivation  of  purified 
VEE  virus  was  linear,  indicating  first-order  be¬ 
havior  of  the  reaction.  Survival  of  VEE  virus 
infect ivity  was  enhanced  in  the  presence  of  histi¬ 
dine.  Both  saline  and  histidine  preparations 
lacked  plaque-forming  capacity  after  irradiation 


at  6.000.000  r.  Virus  inaeti\4*,ion  in  histidine  was 
noi  complete  at  ^,000,000  r.  Virus  inactivation 
was  also  tested  in  weanling  mice.  Typical  results 
obtained  and  a  comparison  with  a  plaque  assay 
are  presented  in  Table  6.  Although  deaths  did  not 
occur  in  weanling  mice  inoculated  with  virus  ex¬ 
posed  to  4,000,000  and  6,000,000  r,  similar  inac¬ 
tivation  curves  indicated  potentially  live  virus  in 
both  4,000,000-r  preparations.  Intracerebral  inoc¬ 
ulation  of  suckling  mice  confirmed  the  presence  of 
infectious  virus  in  both  aline  and  histidine 
preparations  irradiated  at  4,000.000  r.  In  contrast, 
deaths  did  not  occur  in  newborn  mice  inoculated 
with  .undiluted  ratine  or  histidine  preparations 
exposed  io  6,000,000  r. 

Results  of  antigenicity  assays  of  saline  and 
histidine  suspensions  of  purified  VEE  virus  are 
presented  in  Fig.  3.  In  contrast  to  infectiviiy,  the 
antigenicity  of  bom  saline  and  histidine  prepara- 
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Fig.  3.  Retention  of  antigenicity  of  purified  Vene¬ 
zuelan  equine  encephalitis  virus  preparations  rendered 
mnittfectiaus  by  ionizing  radiation. 


Table  6.  Inactivation  of  purified  Venezuelan  equine 
encephalitis  vims  by  ionizing  radiation 
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lions  of  purified  VEE  virus  was  retained  after 
irradiation  at  doses  as  high  as  6,000,000  r.  Histi¬ 
dine  suspensions  of  purified  VEE  virus  completely 
retained  theif  capacity  to  produce  hemagglutina¬ 
tion  and  complement  fixation..  At  6,000.000  r.  the 
dose  at  which  all  assay  systems  indicated  com- 
plele  loss  of  infectivity,  titers  were  identical  to 
those  of  nonirradiated  control  preparations. 
Saline  suspensions  were  similarly  active.  Although 
frequently  an  initial  decrease  in  titer  occurred 
after  exposure  to  low  doses  of  gamma  radiation 
(as  indicated  in  the  figure),  inactivation  did  not 
continue  linearly,  and  a  high  level  of  antigenicity 
was  maintained  throughout  exposure  to  the 
higher  doses.  In  these  instances,  at  6,CMX),000  r, 
50%  of  the  HA  and  CF  propet  ties  were  retained. 
More  commonly,  the  saline-virus  preparations 
behaved  like  those  of  histidine  and  no  decrease 
in  titer  occurred  at  doses  as  high  as  6.000,000  r. 

In  vitro  serology.  Irradiated  VEE  antigens  ex¬ 
posed  to  6,000,000  r  were  employed  in  our  labora¬ 
tory  in  CF  rests  of  several  animal  sera.  Results 
were  similar  to  those  obtained  with  lire  varus 
preparations  and  with  saline  extracts  of  infected 
suckling  mouse  trains  inactivated  with  0.5% 
beta-propiolaetone.  No  change  in  CF  or  HA 
titer  wars  noted  with  column-purified  antigens 
stored  for  3  weeks  at  5  C,  and  only  a  fourfold 
decrease  in  titer  was  noted  after  10  weeks.  Studies 
are  currenilyJn  progress  to  evaluate  the  immuno- 
geniciiy  of  these  purified  VEE  virus  preparations. 

DISCUSSION 

Since  the  initial  description  in  1958  of  the  use 
of  ion-exchange  adsorbents  to  purify  and  con¬ 
centrate  animal  viruses  (9).  a  wide  variety  of 
viruses,  viral  components,  and  viral  antigens  have 
been  purified  by  DEAE  cellulose  chromatography 
(4,  8,  12,  13,  15,  17,  32).  With  the  u.feoviruses, 
however,  most,  investigators  using  chromatog¬ 
raphy  for  purification  have  employed  calcium 
phosphate  (2,  28,  30),  and  DEAi.  .eltulose  has 
been  only  rarely  used.  Nicofi  (16)  investigated 
the  isolation  of  soluble  hemagglutinins  of  several 
arboviruses  by  QEAE-celtulose  chromatography 
and  reported  the  elution  of  group  A  Sindbis  virus 
hemagglutinin  at  a  salt  concentration  range  of 
0.3  to  0.5  M.  Seventy-one  per  cent  of  the  hemag¬ 
glutinin  fixed  on  the  column  was  recovered,  and 
the  serological  activity  was  coincident  with  in¬ 
fectivity.  Fuscaldo  et  al.  (Bacteriol.  Proc.,  p.  161. 
1 969 )  reported  the  purification  of  tissue  culture- 
grown  Eastern  equine  encephalitis  (FEE)  virus  by 
single-step  DEAE-cellulose  chromatography  and 
subsequent  sucrose  cushion  and  gradient  banding. 
They  reported  that  more  than  90%  of  input  virus 
infectivity  was  recovered.  In  the  present  work, 
gradient  elation  of  tissue  culture-grown  VEE 


virus  occurred  at  salt  concentrations  similar, 
although  not  identical,  to  that  for  Sindbis  virus, 
and  single-step  elution  and  sucrose  cushion 
banding  resulted  in  recovery  of  infectious  virus 
equal  to  that  reported  for  EEE  virus.  These  re¬ 
sults  suggest  that  DEAE-celiulose  chromato¬ 
graphic  purification  is  applicable  to  a  variety  of 
arboviruses  and  that  the  procedure  deserves  more 
attention  and  wider  use. 

No  naturally  occurring  soluble  hemagglutinins 
have  been  reported  for  group  A  arboviruses.  This 
investigation  substantiates  that  premise  for  VEE 
virus.  The  recovery  of  HA  activity  during  chro¬ 
matography  was  ahvays  coincidental  with  infec- 
tivity.  No  serological  activity  was  found  in  tissue 
-uiture  effluents  or  in  fractions  free  from  infec- 
ti-'ity.  A  direct  relationship  between  the  level  of 
HA  activity  and  virus  infectivity  was  clearly 
demonstrated.  Figure  I  illustrates  the  rise  and  fail 
of  HA  titer  coincident  with  virus  infectivity,  and 
gradient  elution  data  (Table  1)  further  substan- 
tiate  this  relationship  over  a  range  of  salt  con¬ 
centrations.  High,  moderate,  and  low  levels  of 
HA  were  always  obtained  in  eluants  of  high, 
moderate,  or  low  levels  of  infectivity. 

The  elution  of  infectious  VEE  virus  at  several 
different  salt  concentrations  during  gradient 
chromatography  indicates  an  apparently  hetero¬ 
geneous  binding  between  the  virus  population  and 
DEAE  cellulose.  Such  heterogeneity  may  be  a 
property  of  the  adsorbent  employed.  Heterogene¬ 
ous  binding  had  not  been  reported  for  VEE  virus 
but  such  a  characteristic  had  been  noted  for  elu¬ 
tion  of  adenovirus  type  2-infected  tissue  culture 
fluids  from  DEAE  cellulose  (17).  In  that  study, 
15,  20,  and  15  to  20%  of  the  infectious  virus  was 
recovered  by  gradient  elution  at  0.5.  0.75.  and 
1.0  ti  salt  concentrations,  respectively.  However, 
in  contrast  to  this  present  work,  the  quantitative 
recovery  of  adenovirus  was  no*,  obtained. 

Two  parameters  were  used  In  this  study  to  mon¬ 
itor  VEE  virus  purification  by  chromatography. 
With  the  first,  optical  density  measurements  ai 
280  nm  during  gradient  elution  verified  the  re¬ 
moval  of  substantial  tissue  culture  material  during 
adsorption  and  salt  washing  of  the  column  bef  ore 
the  specific  elution  of  virus.  Secondly,  absorption 
spectra  analysis  ai  260  and  280  nm  of  chromat¬ 
ographed  preparations  provided  evidence  sug¬ 
gesting  purification  of  viral  nucleic  acid  elements 
from  contaminating  proteins.  The  subsequent 
sedimentation  of  column-purified  virus  on  sucrose 
cushions  provides  the  final  preparation  with  an 
additional  degree  of  freedom  from  tissue  culture 
contaminants. 

Irradiation  of  VEE  virus  under  conditions 
minimizing  indirect  radiation  effects  produced 
linear  inactivation  of  virus  infectivity.  These  re- 
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suits  are  coitsisiem  with  those  reported  previously 
for  VEE  virus  (26)  and  for  a  variety  of  other 
viruses  after  gamma  radiation,  including  vaccinia. 
Si.  Louis  encephalitis  .  Western  equine  encephalitis 
(WEE),  poliovirus  (10),  and  rubella  virus  (II). 
These  data  'are  also  consistent  with  results  ob¬ 
tained  with  several  \imses  irradiated  in  the  fluid 
state,  incluflifiglnfluenza  A  and  8,  niuntps,  herpes 
simplex,  and  WEE  (IS,  21).  The  level  of  radiation 
required  to  completely  inactivate  purified  VEE 
virus  is  less  than  that  previously  reported  for 
another  VEE  virus  preparation  (26).  However, 
this  is  in  keeping  with  results  of  earlier  audits 
demonstrating  that  several  purified  viruses  were 
inactivated  at  lower  doses  than  their  respective 
crude  preparations  (10).  The  reduction  in  the  in¬ 
activation  raie  of  infectious  VEE  virus  provided 
by  histidine  agrees  with  results  of  prior  studies 
with  influenza  A  virus  (19).  However,  the  poten¬ 
tial  protective  etTect  of  histidine  r*n .in  vitro  anti¬ 
genicity  was  not  determined,  since  the  saline 
preparation  itself  frequently  retained  complete 
activity  even  after  exposure  to  6,000,000  r. 
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